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Enzyme Deficiency! Disease
α-Fucosidase! Fucosidosis
α-Mannosidase! α-Mannosidosis
β-Mannosidase! β-Mannosidosis
α-Neuraminidase! Sialidosis
α-N-Acetylgalactosaminidase! Schindler disease
β-Hexosaminidase A! Tay-Sachs disease
β-Hexosaminidase B! Sandhoff disease
β-Glucosidase! Gaucher disease
α-Galactosidase! Fabry disease
β-Galactosidase A! GM1 gangliosidosis

Lysosomal storage diseases



Enzyme specificity



  

(Gb3)

Fabry disease substrate



Ries et al., (2005) Pediatrics 155, e344 

Substrate Accumulation in Fabry patients



  
 Gb3 in GlomerulusAngiokeratomas

courtesy of Roscoe Brady, NIH/NINDS

Fabry disease symptoms



JAMA (2001) 285:2743

NEJM (2001) 345:9



  

α-GAL architecture



  

α-GAL dimer structure

Garman et al. (2004) JMB 337: 319



  

Individual mutations in Fabry disease



  

Individual mutations in Fabry disease



  

α-GAL catalytic mechanism
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Steps in the catalytic cycle
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2.3Å 
Rw/Rf 17.6% / 20.2%

Eric Salgado



  

Steps in the catalytic cycle

1.9Å 
Rw/Rf 16.5% / 19.7%

Abby Guce
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Trapping a covalent intermediate
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Steps in the catalytic cycle

2.3Å 
Rw/Rf 16.5% / 22.1%

Nat Clark
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Steps in the catalytic cycle

2.3Å 
Rw/Rf 19.1% / 22.7%

Eric Salgado
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Steps in the catalytic cycle

Guce, Clark et al., (2010) JBC 285, 3625 



  

Referee comments
“B. It is a mistake of the authors to choose not to collect the best 
(synchrotron) data for their complexes.  Why report these at “2.3A” 
resolution when they could have been at 1.9, or better?   It looks very 
unprofessional.  In the US synchrotron access is trivial, often with remote 
data collection and couriered crystals. There is no reason why this hasn’t 
been done correctly (especially given the next point).” 



  

Referee comments
“C. The authors’ outer resolution bin Rmerges are from 75 to 100%.  (a) They must put up a good 
argument why these values are acceptable (in terms of map quality, Rcryst stats in these outer bins, 
likelihood weighting approaches) and (b) even if they choose to use these data, they should stick with 
current norms and report the structure – in the text – at a more or less community acceptable Rmerge 
of 50% so we can compare these structures with those from other groups. This is especially important 
as the authors are claiming that these structures are improvements over past “3.25A” structures.  It may 
well be that those in this paper are equally well 3.2A by any other groups’ criteria? ...”

I/σ
in the 

last shell

Rmerge or Rsym in the last shell



Modeling the high energy transition states 

Guce, Clark et al., (2010) JBC 285, 3625 



Second binding site on α-Gal

Guce, Clark et al., (2010) JBC 285, 3625 



Human α-NAGAL expression

Clark & Garman (2009) JMB 393, 435 



Human α-NAGAL crystallization

Nat Clark

Four structures from this!



Human α-NAGAL structure

Nat Clark



Human α-NAGAL ligand binding

2.0Å 
Rw / Rf = 16.1% / 19.4%

2.2Å 
Rw / Rf = 16.5% / 20.5%

1.9Å 
Rw / Rf = 19.6% / 23.5%

Clark & Garman (2009) JMB 393, 435 



Refereeʼs comments
“2. The mechanism would be more convincing if the authors would isolate, crystallize and 
determine the structure of the covalent intermediate at high resolution. Co-crystallizing the 
enzyme with 2-fluoro-α-gal-fluoride or related compound would allow the authors to 
produce the structure of the intermediate. Contacting Steve Withers would be very helpful 
and he might even have the appropriate compound for them to try...”



Refereeʼs comments
“2. The mechanism would be more convincing if the authors would isolate, crystallize and 
determine the structure of the covalent intermediate at high resolution. Co-crystallizing the 
enzyme with 2-fluoro-α-gal-fluoride or related compound would allow the authors to 
produce the structure of the intermediate. Contacting Steve Withers would be very helpful 
and he might even have the appropriate compound for them to try...”

2.15Å 
Rw / Rf = 16.4% / 19.9%

Clark & Garman (2009) JMB 393, 435 



Human α-NAGAL structures

Clark & Garman (2009) JMB 393, 435 



α-NAGAL reaction cycle



Schindler disease mutations

Clark & Garman (2009) JMB 393, 435 



Active site similarities

Garman et al., (2004) JMB 337: 319                  Clark & Garman (2009) JMB 393, 435 



Active site similarities

Ivan Tomasic, Matt Metcalf



Active site similarities

Ivan Tomasic, Matt Metcalf



Interconverting substrate specificities

Tomasic, Metcalf, et al., submitted



Interconverting substrate specificities

Tomasic, Metcalf, et al., submitted
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